. CIAP dephosphorylates colourless p-nitrophenylphosphate (pNPP) to release the yellow coloured reaction product p-nitrophenyl (pNP). The rate of colour evolution is proportional to the enzyme activity and can be quantified at 415 nm. To measure the effect of vancomycin and EDTA on CIAP enzyme activity, aliquots (50 μl) of a concentration series of vancomycin or EDTA (0, 1, 2, 5, 10, 15, 20, 50, 100 mM) were added to aliquots (50 μl) of CIAP enzyme (0.1 units in the supplied reaction buffer; New England Bioloabs) in a 96 well plate then mixed with pNPP substrate (Sigma-Aldrich; 100 μl of a 0.5 mg ml-1 solution in 50 mM Tris-Cl, pH 8). Two negative controls containing 100 mM vancomycin or EDTA with pNPP substrate but no CIAP were also used. pNP formation was quantified at 415 nm at regular intervals over 90 min using a Bio-Rad 680 Microplate Reader. When present in excess, Zn(II) is known to inhibit CIAP enzyme activity 4, 5 . This phenomenon can also be exploited to analyze the chelation of Zn(II) by vancomycin by assaying for a restoration of enzyme activity after pretreatment of CIAP with excess Zn(II). Aliquots (50 μl) of CIAP (0.1 units in the supplied reaction buffer; New England Bioloabs) were prepared in 1 mM zinc sulphate to inactivate the enzyme and dispensed into a 96 well plate. These were mixed with aliquots (50 μl) of a concentration series of vancomycin (0, 0.5, 1, 2, 4, 6, 8, 10 mM) or EDTA (0, 0.5, 1, 2, 4, 6, 8, 10 mM) and the reaction started by addition of the pNPP substrate (Sigma-Aldrich; 100 μl of a 0.5 mg ml-1 solution in 50 mM Tris-Cl, pH 8). Two negative controls containing 100 mM vancomycin or EDTA with pNPP substrate but no CIAP were also added. pNP formation was again quantified at 415 nm at regular intervals over 90 min using a Bio-Rad 680 Microplate Reader.
Isothermal Titration Calorimetry (ITC)
Isothermal titration calorimetry experiments were carried out using a MicroCal ITC200
Microcalorimeter. All solutions were made using 50 mM Tris-Cl pH 7. Vancomycin was applied to an uncharged HiTrap column (control) and to columns charged with Ni(II), Zn(II) or Cu(II). Elution of vancomycin from the columns was quantified in a bioassay against a vancomycin sensitive S. coelicolor ∆vanRS mutant strain. A halo of nongrowth around the spotted fractions indicates vancomycin, and halo size is proportional to the amount present. (a) Concentrations of EDTA in excess of 5 mM completely inhibit CIAP activity presumably through sequestration of the zinc cofactor. Vancomycin shows a similar inhibitory activity against CIAP although the effect is weaker and >15 mM is required for complete inhibition.
(b) Both EDTA and vancomycin are capable of restoring CIAP enzyme activity suggesting chelation of Zn(II). Addition of 2 mM EDTA completely restores activity but increasing the concentration above that limit starts to produce the inhibitory effect observed in the first assay above. Increasing concentrations of vancomycin from 0-10 mM produces a stepwise increase in CIAP activity although maximal activity is never restored. This is again consistent with vancomycin being capable of chelating Zn(II) but with much lower affinity than EDTA. 
